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INVESTIGATIONS CONCERNING THE DEPTH OF SOIL
FROM WHICH PLANTS SECURE NUTRIMENT.
Object o f  the Experiment.
The ob ject o f  the experiment was to study the value o f  
plant food  in  s o i l  strata at d iffe re n t  depths beneath the su rface, 
e sp e c ia lly  with sugar b eets , oa ts, and red c lo v e r . Both s o i l  cul­
tures and sand cu ltures were used in the in v estig a tion s .
S o il  Cultures.
The s o i l  used in  the experiment was c o lle c te d  A p ril 12, 
1906, about three m iles north-east o f  Urbana, I l l in o i s .  I t  was 
taken in  fou r separate lo t s ;  f i r s t ,  the surface seven inches; 
second, the next three and on e -h a lf; th ird , the stratum between 
seven and sixteen  inches; fou rth , the stratum between sixteen  
and twenty-four inches. I t  was the ty p ica l timber s o i l  o f  Cham­
paign County, having been c lea red  tw enty-six years ago , and since 
cropped every year without the add ition  o f  f e r t i l i s in g  m aterial o f  
any kind.
'
Sand Cultures
The sand used was clean  white sand containing but l i t t l e  
plant food .
The Pots Used.
The experiment was ca rried  on in pots o f  two d iffe re n t 
s iz e s , one being a fou r ga llon  ja r  ten and on e-h a lf inches deep, 
and the other a ja r  o f  the same diameter twenty-four inches deep.
The S eries .
There were three se r ie s  o f  p ots , ca lle d  and marked 100,
200, and 300 se r ie s  re sp e c tiv e ly . The three were t r ip l ic a t e s  in  
every respect aside from the crops grown.
General Plan o f  Pot Cultures.
The fo llow in g  scheme w il l  show the general plan o f  the 
experiment .(The symbol N is  used fo r  n itrogen , P fo r  phosphorus, 
and K fo r  potassium.
Scheme Showing Plan o f  Experiment.
Deep Cultures
Pot No. 101 Check Contained no f e r t i l i z e r
tf tt 102 N applied  between 0 7 inches
It tt 103 tt tt t! 7 - 16 tt
Tf 0 104 tt tf tt 0 - 16 tt
tf tt 105 tt tt tt 16 - 24 tt
tt it 106 P tf tt 0 - 7 tt
ft tt 107 It tt tt 7 - 16 tt
ft tt 108 tt tt tt 0 - 16 tt
t> tt 109 tt tt tt 16 - 24 tt
»1 tt 110 NP tt tt 0 - 7 tt
tt tt 111 tt tt tf 7 - 16 tt
tt tt 112 tt 1« tt 0 - 16 tt
tt tt 113 n tt tt 16 - 24 It
tt tt 114 NPK tt tf 0 - 7 tt
tt tt 115 tt tt tt 7 16 tt
w tt 116 n 1» tt 0 16 ft
tf tt 117 tt tt tt 16 — 24 tt
Shallow Cultures.
Pot No. 118 Check. Contained no f e r t i l i z e r  
" " H °  N applied  between 0 -  3 1/2 inches
" " 120 h i » H 3 7 "
" " 121 M " " 7 - IO -1/2 »
" " 122 P " » 0 -  3- 1/2 "
3Pot No. 123 P applied  between 3 - l /2  -  7 inches
II ii 124 It tt II 7 - I O -1/2 "
tt H 125 NP »1 It 0 -  3- 1/2 "
It 1« 126 it Il II 3 - l /2  -  7 »
It 19 127 tt If II 7 - I O -1/2 "
II If 128 NPK Il tt 0 -  3- 1/2 "
II tt 129 it tt It 3 - l /2  -  7 "
II 1 130 h tt II 7 - I O -1/2 "
Pots 101 to 113 and 117 to 127 were prepared with both
s o i l  and sand cu ltu res, but pots 114 to 117 and 128 to  130 were 
represented only by sand cu ltu res .
The F e r t i l iz e r s  Used.
The nitrogen was added in the form o f  dried b lood , the 
phosphorus in the form o f  steamed bone meal, and the potassium in  
potassium sulphate.
In the surface stratum these f e r t i l i z e r s  were added at 
the rate  o f  15 grams dried  b lood  to 5 inches o f  s o i l .
12 "steamed bone meal " " " " "
3 "potassium nilnhate" " « « «
These amounts were doubled in the second and th ird  stra ta .
The Crops.
Beets were planted on the 100 se r ie s , oats on the 200 
se r ie s , and c lov er  on the 300 s e r e is . A ll o f  these were planted 
A pril 19, 1906. The oats were thinned to 15 plants per pot, 
the c lov er  to 10, and the beets to one.
The Sugar Beet Crop : Series 100.
Beets on Sand Cultures.
The fo llow in g  notes were made June 19 : -
The beets in deep pot having n itrogen  alone fo r  plant food  
are b e tte r  than the check with the exception  o f  the one having that 
element between 16-24 inches. This i s  about the same as the check . 
The one having the nitrogen between 0-16 inches i s  the best o f  the 
fou r. There is  l i t t l e  d iffe ren ce  in  the plants in pots having 
phosphorus alone fo r  plant food . The beets in the pots having 
both n itrogen  and phosphorus between 0-7 inches, and between 0-16 
inches resp ectiv e ly  are f iv e  inches high. Those in  the other pots 
containing phosphorus are two and on e-h a lf inches high. Those 
in  thè pots having a l l  three elements between 0-7 inches respec­
t iv e ly  are three inches high, the one in the pot having them 
between 0-16 inches i s  f iv e  inches high, and the one in  the pot 
having them between 16-24 inches has made no growth.
In the beets in shallow pots containing but one element 
each there is  l i t t l e  différencie except in c o lo r ,  those containing 
n itrogen  being greener than those containing phosphorus. There 
is  l i t t l e  d iffe ren ce  in those on pots containing more than one 
element each, but a l l  o f  these are about two inches higher and are 
stronger and more th r ifty  than those on the pots containing but one 
element each.
D iscussion o f  Notes taken June 19,
Concerning the 100 sand S eries.
Deep Sand Cultures.
I t  appears that on th is  date the beets in the n itrogen  s i t  
showed some e f fe c t  o f  the n itrogen when i t  was not below 16 inches,
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but the plants In the pot having the n itrogen  below 16 inches show­
ed no e f f e c t ,  so i t  i s  probable that the ro o ts  had not gone to that 
depth. In the phosphorus set no appreciable d iffe ren ce  was n otice ­
a b le , but a l l  were b etter  than the check. In the nitrogen-phosphor­
us set those having the f e r t i l i z e r  in  the surface were b e tte r  than 
those having i t  in  strata below the surface, and a l l  were b etter  
than the check. In the nitrogen-phosphorus-potassium  set the f i r s t  
three were b e tte r  than the check, but the la s t ,  which had f e r t i l i z e r  
below 16 inches, had made no growth. This set i s  shown in the f o l ­
lowing photograph taken June 23.
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6Shallow Sand Cultures.
The d iffe re n ce  in depth o f  f e r t i l i z e r  seemed to make no d i f  
ference in  the growth o f  the plants at th is  time. The only n otice ­
able d iffe re n ce  is  due to the addition  o f  both n itrogen  and phos 
phorus or o f  n itrogen , phojsphorus, and potassium in  pots No. 125 -  
150 instead o f  only one element as in Nos. 119-124.
D iscussion o f  the Beets as They Appeared July. 31.
Deep Sand Cultures.
At th is  time the plants in the pots having f e r t i l i z e r  be 
low 16 inches were not generally  so large and strong as those in 
pots having f e r t i l i z e r  at not so great a depth . A ll,how ever, show 
ed the e f fe c t s  o f  the f e r t i l i z e r  . No. 117 having n itrogen , phos 
phorus, and potassium from 16-24 inches which up t i l l  the f i r s t  
o f  July made no growth, had grown four inches by July 31, ind icating  
that the roots  had penetrated deep enough to  get the plant food 
below 16 inches. The fo llow in g  photograph shows these pots as they 
appeared on July 31.
7Shallow Sand Cultures.
On July 31 the plants in these pots showed no d iffe ren ce  
corresponding to depth o f  f e r t i l i z e r .
The beets were taken up Oct. 13 and gave the fo llow in g
weights:
8Table I Y ie ld  o f  Beets
Sand Cultures
Pot No. Treatment Wt. o f  Tops in  g. W t.of Roots in  g.
Deep Culturestt 101 Check-None \ 2 .9 3 .1
tf 102 N applied between 0- 7in . 1 2 .1 3 8 .8
tt 103 tt tt tt 7 -1 6  “ u 3 7 .3 1 1 7 .4
H 104 tt tt tt 0 -16  ■ 14 .5 5 0 .0
tt 105 tt tt tt 16-24  » 2 2 .7 50 .3
tt 106 P tt ft 0 - 7 •' 1 .5 1 1 .5
ft 107 tt tt tt 7-16  « 13 .7
1
4 5 .0
tt 108 tt tt tt 0 -16 " 1 1 .6 2 5 .9
tt 109 tt tt tt 16-24 " 1 0 .3 2 1 .9
tf 110 NP " 0 0- 7 " 3 8 .5 8 3 .7
tt 1 1 1 tt tt tt 7 -16  * 23 .2 9 8 .0
tt 112 ft tt tt 0-16 * 3 5 .7 10 1.0
ft 113 tt tt tt 16 -24  “ 16 .3 6 2 .4
tt 114 NPK » tt 0- 7 " 2 3 .7 79 .5
tt 115 tt tt tt 7 -16  » 1 7 .4 1 0 4 .8
tt 116 tt tt tt 0 -16 ■ 45 .0 225 .8  v
tf 117 M tt tt 16 -24  » 1 5 .4 3 7 .6
Shallow Cultures.
tf 118 Check-None \ 9 .0 11.7
tt 119 N applied  between 0 -  3- 1/2 ir 1 0 .5 2 4 .8
1» 120 tt tt « 3--1/ 2-  7 W21 .7 3 6 .7
t! 12 1 tt U tt 7 -IO -1/2 1tt 12 .2 20.0 ^
" 122 P U tt 0 -  3- 1/2 tt 4 .2 7 .3
tt 123 tt tt M 3 - 1/ 2-  7 1t 6 .7 14.4
tf 124 tt tt tt 7 -IO -1/2 't 5 .7 6.2
tt 125 NP tt tt 0 -  3- 1/2 “ 20 .7 6 0 .4
»
D iscussion  o f  the Y ield  o f  Beets in  the Sand Cultures.
Since we are in terested  p r in cip a lly  in  the ro o ts , the 
d iscu ssion  w il l  he lim ited  to them. The weights o f  the tops, however 
in  many cases correspond to  the weights o f  the ro o ts .
Deep Sand Cultures.
A ll the plants show the e ffe o t  o f  the f e r t i l i s e r  where 
i t  i s  present.
I f  we make a table  which shows the rank o f  the pots ac­
cording to the y ie ld  o f  roo ts  we sh all have the fo llo w in g : -  
Table -U  Showing Rank o f  D ifferen t
Deep Sand Cultures.
Rank N. Group P.Group N.P.Group N. P.K. Group
1 N applied P applied N.P. applied NF applied
between7-16” between7-16 " betweenO-16M betweenO-16"
2 " " 16-24" ti » h o-16 h h « » 7—16" h h tt 7—16"
3 » » It 0-16" « » it 16-24 It tl H II Q_ 7» It tl It Q_ rj tt
4 it » ti o— 7 " »1 It tt Q_ rj tt It W It 16_•24 it tt tt 16-24"
5 Check Check [Check [Check
There appears to be some irre g u la r ity  in the f i r s t  two 
groups, while the la st two are in  agreement. I t  w il l  be n oticed  
however that the pots having f e r t i l i z e r  in  the surface stratum oc — 
cupy th ird  or foiirth  place in every case. This i  s probably due to 
the fa c t  that th is  stratum contains only on e-h a lf as much f e r t i l i z e r  
per inch as the oth ers.
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ghallow Sand Cultures.
Following the same plan as above we sh a ll have, 
Table 3 -  Showing the Rank o f  the D ifferen t Shallow
Sand Cultures.
Rank N. Group P. Group
1
2
3
4
N. between 3 .5
n ti o
II M 7
Check
7 inches 
3 .5  "
10.5 "
P. between 3 .5  -  7 inches
Check
P. " 0 -  3 .5  ''
" " 7 -  10.5 •'
Rank N.P. Group N.P.K. Group
1
2
3
4
N.P. between 0 -  3 .5  inches
“ " " 7 -1 0 .5  "
" " " 3 . 5 - 7  "
Check 1
N.P.K. between 3 . 5 - 7  "
w II « n 7 -10 .5  ”
•i " » •• 0 -  3 .5  "
Check.
Here again there is  no regular arrangement fo llow in g  a l l  
through. The pot containing f e r t i l i z e r  from 3 -  7 .5  inches occupies 
f i r s t  place in three out o f  fou r  o f  the groups, but as i t  occupies 
the lowest place aside from the dheck, in  the other group we cannot 
conclude, without further evidence, that the y ie ld s  were due to the 
p o s it io n  o f  the f e r t i l i z e r .
Beets in S o il Cultures.
The Beets as They Appeared on June 19.
Ho d iffe re n ce  corresponding regu larly  to  depth o f  fe r iia . 
l i z e r  occured at th is  time, e ith e r  in  the deep or the shallow pots. 
The fo llow in g  photograph shows the appearance o f  the n itrogen - 
phosphorus group in  the deep pots.
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This photograph in d ica tes  that the plants rece iv e  the 
most ben e fit when the f e r t i l i z e r  is  in the surface stratum, but
the other sets  do not fu l ly  ju s t i fy  th is  general con clu sion .
#
On July 31 there were no n oticea b le  d iffe re n ce s  correspond­
ing regu larly  to depth o f f e r t i l i z e r .
The beets were taken up Oct. 13 and gave the fo llow in g
weights
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Table 4 Y ield  o f  Beets
S o il  Cultures
Pot No. Treatment Wt. o f  Tops in  g. Wt. o f  Roots in  g.
\Deep Culturestt 101 Check-None \ 26.7 91.9
ft 102 N. between 1 - 7  inches 86.3 145.5
ft 103 tt tt 7 -16 tt 138.8 187.2
ft 104 tt ft 0 -16 tt 90.8 175.9
ft 105 tt tt 16 -24 tt 1 1 1 .6 226.2
tt 106 P tt 0 - 7 tt 37.1 147.7
ft 107 tt tt 7 -16 tt 42.6 114.7
tt 108 tt tt 0 -16 tt 74.6 218.0
109 tt tt 16 -24 tt 32.8 145.2
ft 110 NP tt 0 - 7 tt 114.8 241.4
ft 111 tt tt 7 -16 tt 140.0 246.7
tt 112 tt tt 0 -1 6 tt 295.0 270.9
ft 113 tt tt 16 -24 ♦f 137.0 269.2
ft 114 1Omitted.►
■ 115 ■
" 116 » 11
tt 117 tt
Shallow Cu] 1.■;ures.tt 118 Check-None 1 28.5 81.2
tt 119 N. between 0 -  3 .5 inches! 46.5 124.4
ft 120 tt ft 3 5- 7 tt 78.0 172.4
ft 121 tt tt 7 -1 0 .5 tt , 89.5 196.7
ft 122 1P tt 0 -  3 .5 ft 37.7 67.5
tt 123 tt tt 3 .5 - 7 tt 46.2 101.2
tt 124 It tt 7 -1 0 .5 tt 38.2 105.7
tt 125 NP tt 0 - 3 . 5 tt 62.0 306.2
•f= 14
Table 4 Y ie ld  o f  Beets
S o il Culture©
Pot No. Treatment V»t » o f  Tops in  g, lift." o f  Roots in g.
" 126
" 127*
“ 128 
"  120 
" 130
Shallow Cultures
NP between 3 .5 - 7 in . 91.5
" " 7 -1 0 .5 “ 73.1
Omitted
it
521.5
284.7
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Making a tab le  to show the rank o f  the d iffe r e n t  pots as 
we did with those containing sand we have the fo llo w in g :
S o il C ultures.
Table 5 -  Showing Rank Of D ifferen t Deep s o i l  Cultures.
Rank N. Group P. Group
1 N.between 16 -24 inches P .between 0 —16 inches
2 » n 7 -16 tt tt tt 0 -  7 tt
3 » » 0 -16 tt tt tt 16 -24 tt
4 » » o -  7 tt tt tt 7 -16 tt
5 Check Check
Rank N.P. Group
1 N.P. between 0 -16 inches
2 » 16 -24 »
3 tin » 7  -16 >»
4 « » n 0 _ 7 »
5 Check
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Table 6 -  Showing Rank o f  D ifferen t Shallow S o il  Cultures.
Rank N. Group P. Group
1 N.between 7 -1 0 .5  in . P.between 7 -1 0 .5 in ch es .
2 " " 3 . 5 - 7  " '* " 3 . 5 - 7  "
3 " " 0 -  3 .5  " Check
4 Cheok P.between 0 -  3 .5  "
Rank
1
2
3
4
N.P. Group
N.P. between 3.5 -  7
If ft tf 0 -  3 .5
1! tl tt 7 -1 0 .5
Check.
inches.
t t
tt
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We fin d  no regu la r ity  in table 5. In Table 6 we fin d  reg­
u la r ity  in the f i r s t  two groups, but as the th ird  i s  e n tire ly  d i f ­
fe ren t, and as we fin d  no group among the shallow pots containing 
sand with the same order as these two we cannot a ttr ib u te  th e ir  simi 
la r ity  to depth o f  f e r t i l i z e r .  From th is  i t  woxild appear that the 
depth o f  f e r t i l i z e r  doe* not make any d iffe ren ce  in  the f i r s t  two 
fe e t  o f  s o i l .  Or, in other words, the root developement w i l l  be 
such that the plant w il l  a va il i t s e l f  o f  the f e r t i l i z e r  at whatever 
depth i t  is  placed as in  a l l  oases but the pot having phosphorus 
between 0 -  3 .5  inches , the pots containing f e r t i l i s e r  show a mark­
ed increase over the check.
I t  w i l l  be n oticed , however, that the deep pot having f e r ­
t i l i z e r  between 0 - 1 6  inches occupies f i r s t  place in four oases 
out o f  seven counting both pots containing sand and those containing 
s o i l .  This is  probahly due to the fact* that in these pots the 
plant had the advantage o f  the f e r t i l i s e r  from the s ta r t , and a
double supply below seven inches. The pot having f e r t i l i z e r  in the
t
surface occupies fourth  place in fou r cases, and th ird  place in two 
cases out o f  seven in  the deep ja r s , and i t  occupies f i r s t  p lace 
only once in the whole se r ie s  which is  in the N P group in the shal­
low pots oontaing sand. This seems to in d ica te  that the plants gen 
e ra lly  get the b en e fit  o f  the double amount o f  f e r t i l i z e r  in  the .„t~ 
strata beneath the surface.
The resu lts  as a whole in d ica te  that in the f i r s t  two fee t  
there w il l  be the greatest development o f  feed in g  roots  by the sug 
ar beets where there is  the greatest amount o f  ava ila b le  plant food;
and,in answer to the primary question in these in v estig a tion s , 
i t  may be said  that with sugar beets, whether grown in sand or in 
s o i l ,  plant food  has a high value when contained in the lower stra­
ta ( 16 to ?A inches and 7 to 16 inches) as w ell as when contained
18
in  the surface stratum ( 0 - 7  inches)
The Oats Crop : 200 S eries .
The Oats on Sand ,<Tune 19.
No d ifferencescorrespon d in g  to the depth o f  f e r t i l i z e r  
were shown at th is  tim e. The fo llow in g  photographs go to prove this. 
Thè fa c t  that the deép sand cu ltu res having f e r t i l i z e r  in tlie sur­
fa ce  seven inches ( N o 's. 202, 206, 210, and 214) are le ss  th r if ty  
than the others o f  the same group is  probably due to  th e ir  contain­
ing only on e-h a lf as much f e r t i l i z e r  per inch as the oth ers.
This is  shown to a greater extent in the sand than in the s o i l  
because the sand is  nearly free  from any other plant food  than what 
is  added, while th is  is  not the case with the s o i l .

210
¡  SAJID. 
0-7 J N. 
N.P
211 212 2 1 3
s a n d- SAND. s a n d .
7 1 <ílN 0~16 lN. 16-24 IN.
N.P N.P N.P i. Jé
215 216 817
s a n d . s a n d .__ SAJ^D.
7-16 IN. 0-16 IN. 18-24 IN.
N.RK. N.PK. N.PK.
V
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The fo llow in g table shows the date o f heading o f the oats
grown on sand.
Table 7 - Date o f  Heading o f Oats
Pot No. Treatment Date o f Heading.
Deep Cultures
" 201 Check-None June 27
" 202 N. between 0 -  7 i n. " 26
" 203 tl tt 7 -16 " " 26
M 204 tt It 0 -16 " •' 22
" 205 tt ft 16 -24  » " 28
" 206 P. tt 0 -  7 " " 27
" 207 i> tl tt 7 -16 " " 25
" 208 tt tt 0 -16 " ” 27
“ 209 tl tt 16 -24 " " 28
210 NP tt 0 -  7 *' " 22
" 211 tt tt 7 -16 " " 22
" 212 tt It 0 -16 " " 25
" 213 tt tt 16 -24 " " 27
" 214 NPK tt 0 -  7 " " 27
" 215 tt tt 7 -16 « " 25
H 216 tt tt 0 -16 " " 25
" 217 tt tt 16 -24 " " 25
Shallow ÌCultures •
" 218 Check-None " 25
" 219 N between 0 -  3 .5  ” " 27
" 220 ti " 3 . !5- 7 » " 26
" 221 tt " 7 -1 0 .5  " " 25
" 222 P " 0 -  3 .5  " " 22
” 223 tt " 3 . 5 - 7  « " 22
" 224 tr " 7 -1 0 .5  « " 25
22
■j
Pot No. Treatment Date o f  Heading
Shallow Culture* i.
" 225 RP.between 0 -  3 . 5tn, June 25
" 226 " " 3 . 5 - 7  " " 25
" 227 • " 7 -1 0 .5  " " 26
" 228 NPK * 0 -  3 .5  " " 25
* 229 " " 3 .5 -  7 “ " 28
" 230 " " 7 -1 0 .5  " " 22
This in d ica tes  that the heading was not e ffe c te d  by the 
depth o f  f e r t i l i z e r .  The same was true o f  the ripen ing.
23---------------------------- . --- —------— ■■ 1 -- ... ------ -
Table 8 -  Y ield  o f Cats on Sand.
Pot No. Treatment g s . per pot. Equivalent in bu. per A.
Dee-) Cultures
tl 201 Check-- None 3 .8 10.0
It 202 N between 0 -  7 in . 2 .3 11.5
II 203 II it 7 -  16 " 3 .5 17.5
It 204 II n 0 -  16 » 5.3 26.5
If 205 II it 16 -  24 " 1.3 6.5
II 206 P n 0 -  7 " 1.4 7.0
II 207 II ti 7 -  16 " 4 .4 22.0
II 208 II ii 0 -  16 » 5.4 27 ; 0
II 200 II it 16 -  24 " 2.2 11.0
II 210 NP ii 0 -  7 " 4.5 22.5
1» 211 II ii 7 -  16 " 10.5 52.5
II 212 II ii 0 -  16 " 7.6 38.0
II 2213 II n 16 -  24 " 10.6 53.0
II 214 NPK it 0 -  7 » 4 .8 24.0
tl 215 it ti 7 -  16 " 10.7 53.5
II 216 it ii 0 -  16 " 8 .1 40.5
II 217 ti ii 16 -  24 « 11.1 55.5
Shallow Cultures
tl 218 Check- None 0.3 1.5
tl 210 N between o -  3 .5  in 0.2 1.0
II 220 II ii 3 . 5- 7 " 0.7 3 .5
II 221 11 n 7 -1 0 .5  " 0.2 1.0
II 222 P ti 0 - 3 . 5  » 0.5 2.5
11 223 II ii 3 • 5- 7 " 0.0 4.5
II 224 II ii 7 -1 0 .5  " 0.6 3.0
II 225 HP ti 0 -  3 .5  « 1.2 6.0
II 226 it ii 3. 5- 7 » 2.3 ■ 11.5
Table 8 -  Y ie ld  o f Oats on Sand.
Pot No. Treatment g s . per pot. Equivalent in bu. per A.
Shallow Cultiires
" 227 NP between 7 -1 0 .5  in . 2 .4 12.0
" 228 NPK t! 0 -  3 .5  " 1.4 7.0
" 229 h If 3. 5- 7 » 1.4 7.0
" 230 » If 7 -1 0 .5  " 6 .1 30.5
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Arranging a tab le  to allow the rank o f the treatments in 
y ie ld  as we d id  with the beets we have:-
Table 9 -  Showing the Rank o f  the D ifferen t 
Deep Sand Cultures.
Rank
1
2
3
4
5
N Group
N between 0-16 inches 
Check
N between 7-16 "
» *» o - 7 ”
" " 16-24 "
P Group
P between 0-16 
" " 7-16
Check”
P betweenl6-24 
" " 0- 7
inches
If
I »
It
Rank
~~1 
2
3
4
5
N P Group 
N P betweenl6-24 
» » 7-16
" " 0-16
" " 0- 7
Check"
N P K Group
N P K between 16-24 inches 
" 7-16 "
" 0-16 "
If If
Check
0- 7 "
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Table 10 -  Showing the Ranh o f  the D ifferen t 
Shallow Sand Cultures.
Ranh N Group P Group
1 N between 3 .5 - 7 inches P between 3 . 5 - 7  inches
2 Chech ■ " 7 -1 0 .5  "
3 N between 0 -  3 .5  " " " 0 - 3 . 5  "
4 " " 7 -1 0 .5  » Chech
Ranh N p Group N P K Group
1 N P between 7 -1 0 .5  in . N P K between 7 -1 0 .5  "
2 " " 3 . 5 - 7  " " " 0 - . 3 . 5  "
3 * " 0 -  3 .5  " N P K « 3 . 5 - 7  "
4 Chech Chech
These tab les  in d ica te  that with oats the depth o f  f e r t i l i ­
zer, when w ithin the f i r s t  two fe e t ,  has no e f fe c t  upon the y ie ld .
The Oats on So il, June 19
There were no d iffe re n ce  corresponding to the depth o f  
f e r t i l i z e r .  The fo llow in g  photographs o f  two sets  o f  pots show this. 
Photographs o f  the other sets would have shown the same.
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The
grown on s o i l
fo llow in g
•
Table 11
table  shows the date of heading o f  the oats 
-  Date o f  Heading o f  Oats.
Pot No. Treatment Date o f  Heading.
Deep Cultures
It 201 Check-Hone June 22
I* 202 N between 0 -  7 inches « 22
It 203 It »  7 -16 " tl 22
It 204 ■ 0 -16 " H 22
It 205 II '* 16 -24 " It 22
tl 206 P " 0 -  7 " M 19
It 207 tt It r j -16 » tt 19
If 208' ft *  0 -16 " If 19
ft 209 ft ■ 16 -24  » tt 22
It 210 NP "  0 -  7 » tt 15
II 211 tt «  7 -16 " II 15
It 212 it "  0 -16 » If 15
It 213 it "  16 -24 • It 15
It 214 v. Omitted
It It 215 It
1 216 tt
It 217 tt
Shallow Cultures
It 218 Cheek-None It 19
tt 219 N between 0 -  3 .5  * tt 10
If 220 It " 3.,5- 7 » tt 10
tt 221 If « 7 -1 0 .5  " tt 10
ft 222 P " 0 - 3 . 5  *' If 19
It 223 It " 3 . 5- 7 " tt 19
30
Pot No. Treatment Date o f  Heading.
Shallow Cultures. ♦
" 224 P between 7 -1 0 .5  in . June 19
" 225 NP " 0 -  3 .5  " " 10
" 226 " " 3 . 5 - 7  " " 10
" 227 " " 7 -1 0 .5  " " 10
" 228 Omitted
" 229 tf
" 230 «
This a lso  in d ica tes  that the heading was not e f fe c te d  by 
the depth o f  f e r t i l i z e r ,  and the sane was a lso  true o f  the ripen in g
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Table 12 - Y ield  o f  Oa-ts. on S o il .
Pot No. Treatment g s . per pot. Equivalent in bu. per A.
Dee;p Cultures
tt 201 Check--None 6.6 33.0 •
!! 202 N between 0 -  7 in . 24.3 121.5
ft 203 tt tt 7 -16 tf 19.2 96.0
ft 204 ft tt 0 -16 tt 20.5 101.5
ft 205 tt tt 16 -24 tt 15.8 79,0
ft 206 P tf 0 -  7 II 8.5 42.5
It 207 tf tf 7 -16 tt 11.5 57.5
It 208 tt ft 0 -16 tt 10.5 52.5
tl 209 tt tt 16 -24 tt 11.6 58.0
It 210 NF tt 0 -  7 tt 11.5 57.5
tf 211 tt tf 7 -16 ft 23.2 116.0
II 212 tf tf 0 -16 tf 16.7 83.5
tf 213 tf tf 16 -24 tf 20.6 103.0
ft 214 Omitted
It 215 tf
ft 216 tf
tf 217 tt
Shallcm  Cultures
tf 218 Che ok--None 5 .4 27.0
n 219 N between 0 -  3.5 in . 15.8 79.0
tt 220 tt tt 3. 5- 7 tt 18.5 92.5
tt 221 tt tt 7 -1 0 .5 tt 20.4 102.0
tt 222 P tf 0 -  3 .5 tt 6.0 30.0
tt 223 tt It 3. 5- 7 tt 6.3 31.5
tt 224 tt tt 7 -1 0 .5 7 .1 35.5
tt 225 HP tf 0 -  3 .5 20.6 103.0
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Pot No. treatment g s . per pot i Equivalent in bu. per A.
" 226 
" 227
" 228 
" 229
" 230
Shallow Cultures 
NP between 3 .5 -  7 in . 25.7
" " 7 -1 0 .5  “ 21.5
Omitted
128.5
107.5
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Arranging a tab le  aa b e fore  to show the ranks o f  the d i f ­
feren t treatments we have the fo llow in g .
Table 13 -  Showing the Rank o f the D ifferent 
Deep S o il Cultures
Rank N Gfoup P Group
1
2
3
4
5
N between 0- 7 inches 
" " 0-16 »
" " 7-16 "
“ " 16-24 *
Check
P between 16-24 inches 
“ " 7-16 "
" " 0-16 "
«  M Q _  r j  tt
Check
Rank
1
2
3
4
5
N P Group
N P between 7-16 inches
" “ 16-24 •»
"  n  0-16  "
" M 0 - 7  "
Check
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Table 14 -  Showing the Ranlc o f  the D ifferen t 
Shallow S o il Cultures
Rank N Group P Grotxp
1 N between 7 -1 0 .5  inches P between 7 -1 0 .5  inches
2 " " 3 1to• " " 3 . 5 - 7  "
3 " » c - 3 . 5  " " * 0 - .3 .5  "
4 Check Check
Rank N P Group
1 N P between 3 .5 - 7 inches
2 tt tt 7 -1 0 .5  "
3 tf tt 0 -  3 .5  "
4 Check
These tab les  again in d ica te  that with oats the depth o f  
f e r t i l i z e r  , when w ithin the f i r s t  two fe e t ,  has no e f fe c t  upon the 
y ie ld . Tables 10 and 14 might be in terpreted  to in d ica te  that the 
roo ts  feed  b e tte r  between seven and ten and on e-h a lf inches than 
above seven inches, since the pot having f e r t i l i z e r  from seven to 
ten and on e-ha lf inches occupies f i r s t  place fou r times and second 
place three times out o f  seven. But as the pot having f e r t i l i z e r  
from three and on e-half to seven inches occupies f i r s t  p lace three 
times and second place fou r  tim es, the d iffe ren ce  between these 
two seems hardly str ik in g  enough to  ju s t i fy  such a con clu sion .
The fa c t  that the pot having - fe r t i l iz e r  in the surface oc­
cupies lowest p lace in the m ajority o f  cases can again be accounted 
fo r  by the fa c t  that these pots contained only h a lf as much f e r t i ­
l i z e r  per inch as the others.
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Tlie Glover Crop : 300 Series 
The Clover on Sand June 19.
At th is  time the c lov er  in many pots containing sand 
showed no e f f e c t  o f  the f e r t i l i z e r .  This was true o f  no particu ­
lar pot o f  each group, and the depth o f f e r t i l i z e r  seemed to  inake 
no d iffe re n ce .
The Clover was out the f i r s t  time on July 23 and the f o l ­
lowing tab le  shows the y ie ld s  o f  that grown on sand.
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Table 15 - Showing the y ie ld  o f  Clover at
the F irbt Cutting
Pot No. Treatment Dry
g s .
Wt. in 
per pot.
Equivalent in 
Tons per A.
t» 301 Check--None
Deep Cultu res
0.0 0.000
II 302 N between 0 -  7 inches 0.0 0.000
II 303 II 1 7 -16 II 0 .0 0.000
II 304 II tl 0 -16 II 0.25 0.020
II 305 II II 16 -24 II 0.2 0.016
If 306 P II 0 -  7 It 2 .1 0.168
II 307 II II 7 -16 II 0 .0 0.000
M 308 II II 0 -16 II 1 .4 0.112
It 309 II tt 16 -24 It 0.0 0.000
II 310 HP II 0 -  7 II 6 .0 0.480
II 311 ti 1 »! 7 -16 II 8.2 0.656
II 312 ti II 0 -16 tl 5 .0 0.400
II 313 ti II 16 -24 II 0 .0 0.000
If 314 NPK II 0
l
-  7 II 11.0 0.880
II 315 ii II 7 -16 1 0.0 0.000
If 316 ti ft 0 -16 II 1.7 0.119
tl 317 « 1 16 -24 II 2.5 o.&oo
Shallow CujLtures
1 318 Check- None 0.0 0.000
II 319 N between 0 -  3 .5 inches 0 .0 0.000
II 320 II II 3 .5 -  7 It 0.0 0.000
II 321 II »1 7 -1 0 .5 It 0.0 0.000
1 322 P II 0 -  3 .5 1 0.4 0.032
II 323 P II 3 .5 -  7 II 0.2 0.016
II 324 1 tl 7 -10 .5 1 0..3 0.024
It 325 HP tt 0 •- 3 . 5 II 1.8 0.144
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Pot No. Treatment Dry
g s .
Wt. in  
per pot
Equivalent in  
Tons per Acre
Shallow Cultu:res
tt 326 NP between 3 .5 -  7. inches 0.0 0.000
tl 327 tl tt 7 -1 0 .5 tt 0.4 0.032
It 328 NPK tt 0 - 3 . 5 tt 0.2 0.016
It 329 tt tt 3 .5 - 7 ft 0.045 0.036
tt 330 tt ft 7 -1 0 .5 3 .2 0.256
Nothing can he deduced, from th is  table  as many pots 
gave no y ie ld .
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Table 16 -  Y ield  o f  Clover on Sand 
at Second Cutting, Sept. 4.
Pot NO. Treatment Dry Wt. in Equivalent in
gs* per pot Tons per A.
Deep Culture?3 .
tl 301 Cheek--None 0.0 0.000
It 302 N between 0 -  7 inches 0.0 0.000
It 303 II it 7 -16  " 0 .0 0.000
It 304 II it 0 -16 " 0.9 0.072
»1 305 II tt 16 -24 "
4
0.7 0.049
It 306 P ti 0 -  7 " 2 .4 0.192
It 307 II it 7 -16 " 0.0 0.000
tl 308 tt tt 0 -16  " 3 .2 0.256-
II 309 II it 16 -24  "
*
0.0 0.000
It 310 HP it 0 -  7 " 7 .9 0.542
II 311 » tt 7 -16 " 11.2 0.896
II 312 h it 0 -16 » 7 .0 0.560
II 313 h it 16 -24 « 0 .0 0.000
It 314 NPK it 0 -  7 » 10.9 0.872
II 315 » tt 7 -16  » 0.0 0.000
II 316 ti tt 0 -16  « 2 .4 0.192
II 317 « it 16 -24 " 4 .9 0.432
Shallow Cui tur es
If 318 Check- None 0.0 0.000
II 319 N between 0. -  3 .5  inches 0.0 0.000
It 320 II it 3 . 5 - 7  » 0 .0 Q.000
II 321 II it 7 -1 0 .5  « 0 .0 0.000
t t 322 P t t 0 - 3 . 5  » 0.0 0.000
II 323 ti tt 3. 5- 7 „ 0 .0 0.000
tl 324 tt tt 7 -1 0 .5  " 0.0 0.000
Pot No. Treatment Dry wt. in  
g s . per pot
Equivalent in
' Tons per A.
Shallow Cult' .ires
" 325 NP between 0 -  3 .5  in i 4.3 0.344
" 326 » » 3 . 5 - 7  " 0.2 0.016
" 327 " " 7 -1 0 .5  " 0.4 0.032
" 328 NPK " 0 -  3 .5  " 0.0 0.000
*' 329 " " 3 . 5 - 7  " 1.5 0.120
* 330 " " 7 -1 0 .5 9.7 0.776
As was true o f  the f i r s t  crop , the second crop o f  c lov er  
a lso  gave no s a tis fa c to ry  re s u lts .
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The Clover on S o il ,  June, 19.
In the s o i l  the o lover was b ts t  in the pots containing 
f e r t i l i z e r  in the surface, probably becuase the plants made use 
o f  the f e r t i l i z e r  as soon as they began to  grow. The small seeds 
did not contain enough food  fo r  the plants to push the ro o ts  down 
qu ickly where they could  get food  from a greater depth in  the other 
pots. They had probably begun to feed  in  the second stratum as the 
plants in pots having f e r t i l i z e r  from seven to sixteen  inches were 
b e tte r  than those in pots having f e r t i l i z e r  from seven to twenty- 
fou r inches.
No photographs o f  Clover were taken.
The f i r s t  crop was cut July 23 and the fo llow in g  table 
shows the y ie ld s .
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Table 17 -  showing the Y ield o f  Clover
on S o il at the F irst Cutting
Pot No .Treatment Dry Wt. in 
g s . per pot
Equivalent in 
Tons per A.
if Deep Cultures
It 301 Check- None 16.0 1.280
It 302 N between 0 -  7 in . 23.9 1.912
It 303 It It 7 -16 tt 18.5 1.480
It 304 tt It 0 -16 tt 19.2 1.536
t! 305 1» II 16 -24 It 6.0 0.48 0
II 306 P tt 0 -  7 If 22.2 1.776
It 307 It It 7 -16 It 18.7 1.496
It 308 It tt 0 -16 It 24.5 1.960
M3Q9 it tt 16 -24 If 13.5 1.080
It 310 NP " 0 -  7 It 24.7 1.976
It 311 It If 7 -16 tt 20.5 1.640
ft 312 It It 0 -16 tt 30.1 2.408
It 313 It tt 16 -24 tt 16.1 1.288C
tt 314 Omit tecl
It 315 It
It 316 tt *
It 317 It
Shallow Cultures
It 318 Cheok-None 18.5 1.480
II 310 N between 0 -  3 .5 in . 23.4 1.872
It 320 it tt 3. 5- 7 It 21.2 1.696
It 321 tt It 7 -10 .5 22.5 1.800
♦1 322 P It 0 -  3 .5 '• 25.7 2.056
II 323 tt It 3. 5- 7 It 21.5 1.720
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Pot No. Treatment Dry Wt. in
g s . per pot
Equivalent in  
Tons per A.
Shallow Cu:.tur as
il 324 P between 7 -1 0 .5  in . 22.0 1.760
ff 325 NP »1 0 -  3 .5 '' 29.8 2.384
ti 326 if tr 3 .5 -  7 " 30.0 2.400
t» 327 it ii 7 -1 0 .5  « 27.5 2.200
tf 328 Omitted
n 329 tl
ìì 330 II
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Arranging these y ie ld s  as we have those o f  beets and 
oats we have the fo llo w in g :
Table 18 -  showing the Ranh o f  the 
D ifferent Deep s o i l  Cultures.
Ranh N Croup P Group
1 N between 0 - 7  in . P between 0 -16 in .
2 tf W 0 -16 » u n o — 7 w
3 tf tf 7 -16 « it it 7 _ i 6 »
4 Chech Chech
5 N betweenl6 -24 P betweenl6 -24 "
• - Ranh N P Group
1 N P between 0 -16 in .
2 tt it 0 -  7 "
3 tt » 7 -16 *
4 tt " 16 -24 in .
5 Chech
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Table -  19 Showing the Ranh o f  the 
D ifferent shallow S oil Cultures.
Ranh N Group P Group
1 N between 0 -  3 .5  in . P between 0 -  3 .5  in .
2 » » 7 -1 0 .5  » in•oH1
3 » » 3 .5 -  7 » « ” 3 .5 -  7 "
4 Chech Chech
Ranh N P Group
1 N P between 3 .5 -  7 in .
O It If
3 ti tt
4 Chech
0 -  3 .5  . »
7 -1 0 .5  »
45
These tables show that where the plant food  was at the 
surface so that i t  could give quick aid to the young plant which 
did not get much food  from the small seed, the y ie ld s  were the b e s t . 
Table 18 shows that in  the pots where the f e r t i l i z e r  was below 
seven inches the roots  d id  not obtain food  soon enough to make the 
y ie ld s  as good as where i t  could be obtained as soon as the plant 
started  to grow. It appears further that where the f e r t i l i z e r  was 
below sixteen  inches, no b en e fit  was derived from i t  by the c lov er  ,
Srti t,eras none o f  these pots gave appreciab ly*y ie lds than the check.
The fo llow in g  tab le  shows the y ie ld  o f the second crop 
o f  c lover  which was cut sep t, 4.
-16
Table 20 -  Showing the Y ield  o f  Glover 
on S o il at the Second Gutting.
Pot No, Treatment Dry
gs.
Wt. in  
per pot
Equivalent in 
Tons per A.
Deep Cul tu res
II 301 Check--None 15.0 1.200
t l 302 N between 0 -  7 in . 20.4 1.632
tr 303 It If «7 -16 " 18.2 1.456
it 304 If " 0 -16 " 17.2 1.376
tt 305 tl " 16 -24 " 7 .2 0 .5 76
I! 306 P " 0 -  7 « 16.4 1.312
If 307 II " 7 -16  " 15.2 1.216
It 308 It *  0 -16 " 25 ,7 2.056
II 309 II " 16 -24 " 11.0 0.880
tl 310 NP " 0 -  7 " 19.0 1.520
II 311 it " 7 -16 « 18 . ì 1.520
It 312 tt " 0 -16 " 28.4 2.272
1 313 tt " 16 -24 17.5 1.400
It 314 Omitted
tl 315 n
It 316 «
II 317 "
Shallow Oii l  tur e  s
It 318 Check-■None 16.4 1.312
It 319 N between 0 -  3 .5  in . 23.2 1.856
tl 320 tt "  3. 5- 7 » 14.9 1 .1 92 '
It 321 II " 7 -1 0 .5  » 18.0 1.440
•
ft 322 P ”  0 - 3 . 5  " 22.8 1.824
II 323 It "  3. 5 - 7 " 21.7 1.736
It 324 II «  7 -1 0 .5  " 23.5 1.880
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Pot NO. Treatment Dry wt. in
g s . per pot
Equivalent 
Tons per A
Shallow Ouitures
" 325 NP between 0 -  3.5 in . 27.7 2.216
" 326 1lO•to 25.9 2.072
" 327 " « 7 -1 0 .5 27.7 2.216
" 328 • Omitted
" 329 tt
" 330 tt
Table 21 -  Showing the Rank o f  D ifferen t
Deep Soil Cultures.
Rank N Group P Group
1 N between 0 -  7 in . P between 0 - 1 6  in .
2 II It rj -16 " if it 0 — 7 M
3 " » 0 CDH1 " " 7 -  16 "
4 Check Check
5 N between 16 -24  *' P between 16- 24 "
Rank N P Group
1 N P between 0 - 1 6  in .
2 II =5 0 1 -2
3 If " 7 -  16 "
4 tl " 16 -  24 "
5 Check
Rank
1
2
3
4
Table 22 -  Showing the Rank o f  the 
D ifferen t S o il Cultures
N Group
N between 0 -  3 .5  in .
" " 7 -1 0 .5  "
" " 3 .5 - 7 "
Check
P Group
P between 7 -1 0 .5  in ,
" " 0 -  3 .5  "
" " 3 . 5 - 7  "
Check
Rank
1
2
3
4
N p Group
N P between 0
W tt 7
Check
-  3 .5  in . 
-1 0 .5  "
- 3 . 5  "
There are no ¡marked d iffe re n ce  between these tab les and 
those representing the f i r s t  crop . One thing, however, which is  
not brought out by these ta b les , i s  shown by a comparison o f  the 
two Tables o f  Y ie ld s . Pot No. 313 having n itrogen and phosphorus 
between 16 -  24 inches made but 0,1 gram more than the check in  the 
f i r s t  crop, while in the second i t  made 2.5 grams more than the _ 
check and 1.4 grams more than i t  d id  fo r  the f i r s t  crop . An in ­
crease in y ie ld  is  a lso  shown in  pot No. 30a , having n itrogen  
between 16 -  24 inches, but the y ie ld  from th is  pot is  s t i l l  le ss  
than the check. These two pots were the only ones that showed an 
increase in the second crop . As these two had the f e r t i l i z e r  from 
sixteen  to tw enty-four inches, i t  is  probable that the roots  had 
not penetrated to that depth b e fore  the f i r s t  crop , but had fed  in 
that stratum to some extent before  the second crop was cu t. I f  th is  
is  true i t  is  p ossib le  that d iffe re n t  resu lts  would have been ob­
tained had the c lov er  been l e f t  to grow a second season. In v esti­
gations made at the North Dakota and the Kansas Experiment S tations, 
in which complete plants that had grown two seasons were dug up and 
washed fre e  from s o i l ,  show that the roots  penetrate three and one- 
h a lf to over fou r  fe e t ,"o ccu p in g  the s o i l  qu ite fu l ly  to a depth o f 
three f e e t . ”
. __________  50
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Conclusions
The experiment in d ica tes  that oats arid sugar beats w il l  
develop feed ing roots  in  whatever stratum o f  the f i r s t  two fe e t  the 
f e r t i l i z e r  is  p la ced . In vestiga tion s made in  North Dakota and Kan­
sas show these roots quite fu l ly  developed to  a depth o f  over three 
f e e t .
In the case o f  red c lover  the experiment in d ica tes  that 
during the f i r s t  part o f  the f i r s t  season the roots  do not feed  at 
a depth greater than sixteen  inches, but that they probably feed  at 
a greater depth during the la t t e r  part o f  the season. Investiga­
tion s made in  Kansas and in  North Dakota, as mentioned b e fo re , show 
that c lover  plants two seasons o ld  have abundant feed in g  roots  three 
fe e t  deep, so i t  is  p oss ib le  that resu lts  with c lov er  grown the 
second season would in d ica te , as in  the cases o f  oats and sugar 
b ee ts , that feed ing roots  w il l  develop at whatever depth the f e r t i ­
l i z e r  is  p laced so long as i t  i s  witttin two fe e t  o f  the su rfa ce ,
It  should be noted that the crops used in  these experi 
ments represent three very d iffe re n t  and very important c la s s e s : 
root crops; cerea l grain crops, and legume crops; and the resu lts  
obtained show that fo r  these crops plant food  between 7 and 16 in ­
ches in  depth i s  probably as valuable as when contained in  the sur­
face  seven inches, and that plant food  between 16 and 24 inches has 
at lea st nearly as much value fo r  beets and oats and probably fo r  
c lov er  a lso  a fte r  the f i r s t  few months o f  growth.
Further in vestiga tion s  are needed, to  determine whether 
sim ilar resu lts  w il l  be secured a fte r  the s o i l  has s e tt le d  down 
more compactly corresponding to  i t s  natural con d ition .
